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On  the  M>eh*ul>i  of  Developed  ?mlT»u  In  C  old-BLooded  Animals 

(Froai)  in  gxperlaental  Botulism 
By i  Y.Y.  MIXRAI10V  and  V.A.  SKORIX  (Moacow) 
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(Translated  by:  Edward  Lnchowica,  Maryland,  Medical-Legal  Foun¬ 
dation,  Inc.,  700  Fleet  Street,  Baltiaore,  Maryland,  J'/O.", 

During  investigations  parforaad  on  warm-blooded  animals  (1,2,3) 
we  dateralnad  that  botullnal  toxin  Impairs,  lr  the  first  piece,  the 
motor  neurone  of  the  anterior  horn  of  the  spinal  cord  and ,  then, 
one  can  notice,  only  after  several  days  following  the  intoxication, 
the  impairments  of  neuromuscular  terminal  apparatuses.  At  the  &ame 
time,  the  afferent  part  of  the  spinal  reflex  arch  remains  unaffected. 

We  found  only  partial  reports  (4,  5,  6,  7)  In  the  literature 
dealing  with  the  question  of  the  mechanism  of  botullnal  toxin's 
effects  on  cold-blooded  animals.  Thus,  we  set  the  following  goals 
in  tha  present  work: 

1)  To  clarify  the  sequence  of  changes  in  functional  pr< parties 
of  th#  spinal  cord  motor  centers  and  of  their  conductoro  at  various 
stages  of  botullnal  intoxication; 

2)  To  clarify  whether  botullnal  toxin  affects  the  afferent  part 
of  the  reflex  arch. 
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Th«  experiments  eere  performed  on  frog#  ^Rana  temporarie) 
weighing  40  to  50  gm.  On#  group  of  animals  received  In  advance 
botulinal  toiin  type  A  (1  ale*  -  Dim  -  0.00005  mg  of  dry  toxin) 
administered  into  the  spinal  lyaphatic  sac  in  a  quantity  of  0.1  ml 
and  in  concentration#  froa  2*10”^  to  5*10“-'  guy'd;  tha  other  group 
received  tha  toxin's  injeotion  into  muscaluo  gastrocnemius  in  a 
quantity  of  0.1  ml,  in  eilutiona  from  1*10“'  to  l  *  1 0 “4  gm/ml.  The 
first  usihod  of  administration  of  tha  toxin  developed  a  general 
botulism  ploture,  and  tha  second  ons  -  a  looal  picture  (in  u  form 
of  paralysia  in  ona  affsetad  hind  paw) .  However,  in  some  experiments, 
tha  looal  fora  of  botuliaa  changed  to  a  ganaral  form  after  several 
oayo.  Tha  experlaents  ware  performed  on  animala  with  boxh  forma  of 
botuliaa  on  tha  firat  day  and  up  to  tha  seventh  day  following  the 
inoculation.  After  decapitation  of  frogs,  their  spinal  count  was 
securely  fixe^d  on  dleeecting  stand  with  tne  dorsum  upward,  then 
we  dissected  off  both  sciatic  nerves  and  also  the  tendons  of  tibial 
ousels s .  Vs  connected  the  lattor  with  Xngslaan's  myographs. 

About  "0  to  12  ainutss  after  the  preparation,  we  performed 
the  neurotomy  of  one  of  the  sciatic  nerves,  then  We  separated  the 
central  eod  of  the  tibial  nerve  and  arranged  it  on  platinum  e- 
lectrcdea  connected  with  the  outlet  of  the  GRA£ii-l  stimulator  that 
enabled  us  to  change  the  frequency,  the  intensity  and  t lit*  turatlon 
of  stimulating  impulses.  The  stimulation  of  the  indicated  nerves 
caused  a  contraction  of  the  opposite  iutaot  side  of  the  gnetroonemius 
muscle.  Thus,  indirectly  to  the  optimum  and  peeeiaum  of  the  stimu¬ 
lation  frequency,  "•  investigated  in  these  experiments  the  lability 
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of  th*  spinal  motor  center®.  Later,  with  the  stimulation  of  tne 
periphexal  end  of  the  neurotomized  nerve,  w®  investigated  by  analo¬ 
gous  method  the  lability  of  the  myoneural  oonnactiona  and,  finally, 
susclaa.  Along  with  th®  lability,  w«  also  invaatigated  th®  rheobaas, 
a®  wall  aa  tha  chronaxy  of  tha  sciatic  narva ,  and  of  tha  gastrocne¬ 
mius  ousel®. 

t®  performed  identical  ®xp®ria®nta  or.  no  rial  frogs  'or  control 
purpose® . 

In  25  experiments  with  spinal  preparation*  of  uninfected  frogs, 
contractions  of  tha  gastrocnemius  muscle  appeared  witr.  ti.s  stimu¬ 
lation  of  tha  central  and  of  tha  nsurotoaized  tibia!  nerve  >n  the 
opposite  aide,  whan  frequencies  from  1  to  30  cps  were  laei.  As  a 
rule,  with  the  frequences  of  the  aforementioned  nagmtudv,  *e  ob¬ 
served  pessimal  contractions  of  the  investigated  muscle.  Thus,  ac¬ 
cording  to  the  optimum  and  peseimun  uf  the  stimulation  frequency, 
tha  lability  of  motor  centars  of  the  spinal  cord  ranged  in  control 
experiments  about  8c  cps.  The  gastrocnemius  muscle  contracted  on 
the  frequencies  from  350  to  400  epe  during  stimulation  of  th#  sciatic 
nerve  in  unlnfocted  frogs;  however,  tne  optimum  tetania  was  ob¬ 
served  with  the  stimulation  of  th#  nerve  up  to  6C  epe,  and  tho 
^esalmum  tetanus  -  from  oO  cps  up.  The  gastrocnemius  muscle  lr, 
direct  stimulation  responded  to  contraction!)  on  frequencies  up  t-j 
230  epe.  Th#  rheobas#  of  the  tibia!  nerve  varied  from  0.2  to  0.0  v 
In  eeparate  experiments,  however  it  remained  within  the  range  of 
0.3  to  0.4  v  in  moat  experiments.  The  magnitude  of  the  rheobase  of 
tn#  gastrocnemj  us  muscle  wee  1  to  3  v,  while  th#  cr.ronaxy  varied 


fro*  ('.?  to  i  .2  •••o. 


Ptrfur*  1  -  Lability  decrease  In  spinel  motor  centers  on  the  side  of 
inoculation  with  botul Inal  toxin  after  otimulatlon  of  the 
car.iral  and  of  tha  naurotoalzad  tlblai  nar>  *  on  n-jnp*rm- 
lymad  altfa.  Above  -  tha  ayo^rua  of  the  'rouiil  tlblai 
auaela  of  tha  paralysed  extremity;  beio*  -  ot  tm\.  .atior. 
•arkln^a  (etiaulatin*  ourrant  etrenrftn;  i.°  v! ;  bottom 
tiao  aarklnge  *>  eec. 


Pl<(ur«  2  -  Lability  chan^ae  «>f  paripheral  motor  tracts  on  a  para- 
lytad  alda.  Above  -  '•ontraction  records  of  tha  frontal 
tlblai  auecla  during  ettaulatlon  of  the  peroneal  nerve 
m  a  paralyzed  extremity;  below  -  stimulation  narking* 
with  indicated  frequency  (opa)  of  the  atia'il  atlft*;  -urrei.i 
(currant  strength:  1.8  v);  bottom  -  time  mark  in*!*  e  **'. 

Tha  basic  experiments  were  curried  out  or.  in  fr-, »♦.-«.  Tn  jo  ex¬ 
periments  tha  toxin  wee  administered  into  tha  spinal  lymphatic  ser 
and  la  66  experiments  -  by  intramuscular  method.  A  series  of  suc¬ 
cessive  stages  of  develops!  injuries  in  the  nervous  system  were 


detected  with  local  and  general  forms  of  botulism  during  investigation 
of  functional  conditions  of  various  ssotions  of  ths  spinal  rsflsx 
arc has. 

In  ths  initial  stages  of  intoxication  (1st  or  2d  day  aftsr 
inoculation)  ss  observed  in  8  experiments  with  general  forms  of 
botullsa  and  in  8  instances  of  looal  botulism  that  a  considerable 
decrease  occurred  in  lability  of  ths  spinal  motor  centers.  In  frogs 
with  a  local  botulism  this  manifested  itself  only  on  a  side  of  the 
adainistered  toxin.  As  we  see  froa  figure  1 ,  a  contraction  of  the 
gaatrocnealas  auscle  in  these  aniaals  occurred  only  with  low  frequen¬ 
cy  (2  to  16  cps)  stimulations  adainistered  to  ths  central  end  of 
ths  nsurotoalssd  tibial  nerve  on  the  opposite  side.  Ve  also  noted 
a  considerable  fatigue  of  spinal  neural  centers,  namely:  a  reflex 
response  on  the  second  stiaulation  could  on!  be  obtained  after  10 
to  15  minutes  following  a  proceeding  stimulation.  In  these  experi¬ 
ments  ths  rheobase,  ohronaxy  and  lability  of  ths  tibial  nerve  and 
of  gaatroonsaius  ausole  did  not  differ  froa  tnoae  observed  in  oontrol 
animals. 

In  ths  following  6  experiments  with  gsnsral  fora  of  botullsa 
and  in  9  experiments  with  local  fora  of  botullsa  (on  the  2d  or  3d 
day  after  inoculation^  we  could  not  record  any  contractions  at  all 
of  the  gaatroonsaius  muscle  after  stimulation  of  the  central  end 
of  the  tibial  nerve/ by  any  frequencies.  However,  the  stiaulation  of  xk 
the  truncus  of  the  tibial  nerve  has  not  produced  any  significant  dis¬ 
orders  in  its  functions,  i.e.  the  magnitudes  of  the  rheobase,  chro- 
naxy  and  lability  appeared  close  to  noraal.  The  disorders  appeared 


only  After  a  considerably  high  inoculation  volume  and  they  Involved , 
la  addition  to  apinal  oentere,  also  the  peripheral  aotor  conductors. 
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Figure  3,  i  •  Recording  of  contractions  of  the  frontal  tiblal  nerve 
following  direct  stimulation  on  nonparalyzs-l  slae;  b  - 
recording  of  contractions  cf  analogous  muscle  on  the 
oppoeite  and  paralyzed  side,  below  -  markings  of  stimu¬ 
lation;  botton  -  tiae  markings  5  sec. 

Likewise,  no  reflector  contractions  of  the  gastrocnemius  ausc.e  were 
noticed.  At  the  same  time,  changes  appeared  in  functional  character¬ 
istics  of  tha  tiblal  narve:  tha  rhsobass  lncrsaasd  to  7  v  and  above, 
ths  chronaxy  langthaned  and  the  lability  showed  s  shifting  tenden¬ 
cy  toward  high  frequencies.  The  functional  characteristics  of  ths 
gastrocneaiue  auaclt  showsd  no  deviations  from  a  normal  state  We 
observed  similar  changes  in  6  experiments  with  a  general  fora  of 
botulisa  and  in  14  experiments  with  a  local  form  of  botulism. 

In  thw  subssquant  stage  of  lntoxioatlon,  on  tha  iJd  to  4th  day 
following  tha  administration  of  toxin  (in  3  experiments  »itc  s 
general  form  of  botulism  and  in  19  with  a  looal  form  of  botulism) , 
the  injury  of  the  tiblal  nerve  was  still  expressed  more  distinctly! 


usually,  the  rheobaae  and  the  ohronaxy  remained  undetermined,  even 
whan  tha  strength  of  stimulating  currant  raachad  100  v.  Tha  atlmu- 
lation  of  tha  tlblal  nerve  with  tha  frequency  of  30  opa  and  aboTa 
cauaad  contraction  of  tha  auacla  in  raaponaa  to  ineignif leant 
strength  of  tha  stiaulatlng  currant:  1,8  v  (see  figure  2).  Ittentloa 
auat  ha  dlreoted  to  a  charaotariatio  changa  in  contractions  of 
auaolaa:  according  to  thalr  fora,  thay  rapraaontad  typical  tonic 
contractiona .  Howavar,  according  to  coupariaon  with  a  normal  atata , 
aftar  diraot  atiaulation  of  tha  inoculatad  gastrocnemius  auaola/  no 
iaportant  o  hinges  vara  notioad  in  tha  rhaobaaa,  chronaxy  and  lability. 

In  tha  wary  lata  ataga,  on  tha  4th  to  7th  day  aftar  inoculation 
(in  4  axparlaants  with  a  ganaral  and  in  5  azparlmanta  with  a  looal 
for*  of  botulism) ,  wa  observed  a  complate  absence  of  any  af fact 
following  indiraot  stimulation  of  inoculatad  auaola  at  tha  tins, 
whan  its  diraot  atiaulation  cauaad  a  usual  contraction.  Figura  3 
shows  contraction  curves  aftar  dirwet  stimulation  with  various 
fraquanciaa  appllad  on  gastrocnamius  auacla  infactad  with  fcotulinal 
toxin  and  also  tha  curves  of  auacla  unlnfactad  with  botullaa  for 
ooaparlaon  purpossa.  Tha  infactad  gaatrocnaalua  auacla,  whlls  an- 
tirsly  unresponsive  to  indlract  atiaulation,  revealed  on  direct 
atiaulation  insignificant  ohangaa  in  tha  optimum  and  pssaimum  of 
tha  atiaulation  fraquancy. 

In  addition,  vs  solved  a  question  of  injuries  by  toxin  in  tha 
afferent  eaotiona  of  tha  spinal  reflex  arches.  Va  administered  botu- 
linal  toxin  intramuscularly  in  doaas  that  caused  paralysis  only  in 
tha  inoculatad  extremity.  During  atiaulation  of  tha  central  and  of 


M 


i  .. 


o 

the  neurotoelsed  tibia!  nerve  in  the  paralysed  extremity,  reflex 
contractions  in  the  gsatroonealua  ausela  always  appeared  on  the  j 

side  opposite  to  the  nonparelyzed  aide)  consequently ,  botullnal  , 

I 

tosln  does  not  affect  the  afferent  sections  of  the  spinal  reflei 
arches. 

Thus,  the  injury  to  the  aotor  innervation  of  skeletal  muscle 
in  frogs  is  conditioned,  first  of  all,  by  the  toxin's  effect  on 
aotor  centers  of  the  spinal  cord.  In  this  respect  there  is  a  com¬ 
plete  conformity  with  the  aechanlsa  of  the  botullnal  toxin’s  effeot 
on  wara-blooded  animals.  Evidently,  disorders  in  functional  charac¬ 
teristics  of  the  peripheral  aotor  nerves  occur  only  after  injury 
of  the  aotor  center  at  the  tlae  of  its  direct  cooperation. 


Conclusions 

1 .  The  administration  of  botullnal  toxin  type  1  in  a  does  of 
0.1  in  dilutions  of  2 *10*^  gay's!.,  or  5*10“^  gm/ al  into  spinal  lym¬ 
phatic  sac  causes  on  the  2d  or  3d  day  a  developaent  of  a  general 
fora  of  botulisa,  and  death  on  the  third  or  fourtn  day. 

The  adalnlstratlon  of  botullnal  toxin  type  A  in  a  dose  of  0.1 
in  dilutions  of  1*10"^  gV»l.  or  1*10"®  ga/*l»  causes  a  development 
of  local  botulism  and  paralysis  of  the  affected  extremity. 

2.  The  developaent  of  paralyses,  local  and  general,  begins,  in 
tM  first  place,  with  the  injurious  sffeot  of  tne  toxin  on  pertinent 
aotor  centere  of  the  spinal  cord  and,  then,  the  haraful  effect  ex¬ 
tends  to  tha  effarant  part  of  tha  reflex  arch. 

3.  Tha  affarent  part  of  tha  spinal  rsflax  arches  is  not  affect¬ 
ed  by  botullnal  toxin  typ#  A. 
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Summary  (copied) 

Tha  oechanlaa  of  tba  paralytic  affaot  of  botulinum  toxin  on  tha 
motor  innervation  of  skeletal  muscles  was  studied  in  frogs.  It  was 
established  that  paralysis  of  skeletal  muscles  begins  from  tha 
injury  of  motor  centers  of  tie  spinal  cord.  It  was  possible  to  re¬ 
veal  the  affeotlon  of  the  peripheral  neuromuscular  apparatuses  only 
after  a  considerable  period  of  time  following  couplets  exclusion 
of  the  epinal  nervoue  centers. 


